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EXECUTI VE - SUMVARY

Bacterial kidney disease (BRD) has been and remains a chronic
contributory problem linmting the productivity of salnmon in the
Colunbia River Basin. Control of this disease will not cone easily
but it would lead to a tremendous increase in the health and nunbers of

our salmon popul ations. Vaccination of salnon to Renibacterium

sal moni narum (KDB) is a potentially successful method of controlling

this disease. To date, however, no successful vaccine has been
devel oped for general use. A possible solution to this problem and
thus the goal of this research, is to isolate the antigenic conponents
of KDB and enhance their ability to activate the host defenses. This
wi Il be acconplished by the chem cal nodification of these antigens
with potent immunomodul atory substances. These nodified antigens wll
then be tested for their effectiveness in inducing immnity to BKD and
thereby preventing the disease

The goal of the project's second year was to chenically nodify

the major antigens of Renibacteirium sal moninarum immunize coho sal non

(Oncorhynchus kisutch), and to test the imunogenicity of the

preparations used. Inmunogenicity of the antigenic material was tested by
1) adm xture experinments, using whole KD cells with nuranyl dipepetide

Vibrio anguillarumextract, g coli |ipopolysaccharide, or M/cobacterium

tuberculosis in Freund' s conplete adjuvant.

In addition to these goals a nunber of inportant techniques have
been developed in order to facilitate the production of the vaccine. These
procedures include: 1) the use of the soluble antigen for diagnosis in the

ELI SA and Western blot analysis, 2) detection of salnmonid anti-KD antibodies



by an ELI SA technique, 3) detection of cellular inmune responses to the
sol ubl e antigen, and 4) devel opnment of immersion challenge procedures for

bacterial kidney disease (BKD).
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| NTRODUCTI ON

Geographical Distribution

Bacterial kidney disease (BKD) is one of the most w despread
di seases in the Colunbia River Basin and occurs in many parts of the United
States, Canada, Europe (Fryer and Sanders, 1981) and Japan (Kinmura and
Awakura, 1977). The first reported identification of what was nost |ikely

R__sal moni narum or ki dney disease bacterium (KDB), was in 1930.

Smth (1964) communicates that gram positive diplococci were isolated from
Atlantic salnon (Salmo salar) found in Aberdeenshire in the River Spey

in Scotland. The first recorded cases in the United States occurred in
hatcheries in the state of Massachusetts as described by Bel ding and
Merrill (1935). Not only is this disease a very grave problemfor hatchery
reared salnonids, but it has also been denonstrated to occur in wld

popul ations (Evelyn, et al., 1973).

The Pat hogen

The ki dney di sease bacterium (KDB) is described as a
non-motile, non-spore formng diplobacillus. Oiginal attenpts to
isolate the organism failed due to its rather fastidious requirenents for
growth in culture nmedia. The first successful attenpts at cultivation
utilized media with such rich supplenments as beef serum and fish extract
(Earp et al., 1953). Later work of Ordal and Earp (1956) nade use of
cysteine blood agar, which contained 20% human bl ood as well as 0.1%

cysteine-HO . The nost recent nodifications obviates the need for blood



or serum thus reducing the cost. This medi umenploys 0.1%L-cysteine-HCd
in Mieller Honton medium (WIf and Dunbar, 1954).

Superficially the organisns, especially when seen within the
tissues, resenble corynebacteria, thus they have been referred to as
corynebacteria and the disease as corynebacterial Kkidney disease
(Ordal and Earp, 1956; Hunn, 1964; Wedenmeyer and Rose, 1973)

Certain aspects of the pathol ogy caused by this organi sm

resenbl e not only corynebacterial disease, but to sone degree di seases
caused by nycobacteria and listeria. However, these rather

circunstantial nethods of characterization were not satisfactory for
rigorous taxonomc classification. Fryer and Sanders (1980) explored

this taxonom c problemon the nolecular |evel, and determned that in
regards to the guanosine/cytosine (GC) content, peptidoglycan and cell wall
conposition, these organisms were quite unique. Due to these singular

mol ecul ar characteristics, these organisms have been placed in their own

genus and species, Renibacterium sal noni narum Isolates from various

regions of the world also seemto share only a single serotype (Getchell, 1983)

Di sease Pat hol ogy

The disease caused by KDB is considered to be a chronic
system ¢ disease, with lesions occurring through much of the viscera
and muscul ature in advanced cases. A conmon route of entry for the
organi sm has not been denonstrated, and it seems plausible that
infection may occur by various routes. Wod and Wallis (1955) have
denonstrated that the ingestion of infected salnon flesh by chinook
salnmon leads to a lethal infection. Alternatively, eye trauma has

al so been suggested as a possible route of infection. Hendricks and



Leek (1975) found that chinook salnon possessing exophthal ma
denonstrat ed granul omat ous | esions behind the affected eye which
contained large nunbers of |eukocytes and KDB. Many of the fish which
possessed this exophthalma, had no other lesions internally
However, if all fish which exhibited this exophthalma were held in
aquaria, it was found that they all succunbed to BKD within two to
three months.  Upon necropsy, the animals were found to have
dissemnated BKD lesions. It was felt that the eye nay serve a
primary route of infection in hatchery-reared sal nonids, due to the
frequency of eye trauma when the aninals are maintained in raceways.
A simlar, but perhaps a nore conmon route of infection, may be
through general abrasion of the body surface (Wlf and Dunbar, 1959).

Al though there are many organs which become infiltrated with
KDB, nost investigators feel that the primary target is the kidney. The
hemat opoi etic portion of the anterior kidney appears to be especially
susceptible. It is a diagnostic feature of the disease to see white
granul omat ous areas of infection within the kidney. \Wen exam ned
mcroscopically these areas are seen to possess KD organisms. These
foci of infection are not limted to the kidney, but they are found to
appear also in the spleen and liver. As the disease progresses, the
reproductive organs, nmusculature, and brain often becone infected
External |y, besides the exophthal ma, pustules or blebs may be seen
above the lateral line and petechial henorrhaging around the nuscles
of the peritoneum

One of the nost striking features of the internal pathol ogy
of BKD is the devel opnent of a white pseudonenbrane conposed of
dead host tissue, bacteria, and |eukocytes. This fal se menbrane has

been seen to cover the liver, reproductive organs, spleen, and
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occasionally the swim bladder (Snieszko and Giffin, 1955). This
phenonmenon is not unlike the pseudonmenbrane produced in diptheria
infections in man. The formation of this pseudomenbrane, however, is
quite tenperature dependent. It is reported that it forns at
tenperatures bel ow 8.3°C, whereas at higher tenperatures only necrosis

is found (Smth, 1964). Attenpts to isolate an exotoxin as is expresssed

by Corynebacteria diptheriae have not nmet with success

On the cellular level, bacterial kidney disease appears to be
nore simlar to listerial or nycobacterial infections. A common feature of
these diseases are the granul omatous reactions that occur. Like listeria
and nycobacteria, KDB organisns are phagocytized by macrophages, but are not
al ways digested by the phagocytic cells (Young and Chapman, 1978). In fact
the KDB as well as listeria and nycobacteria have been observed to nultiply
within the macrophage itself. In the case of nycobacteria, the cellular arm
of the i mmune response is eventually activated to destroy the bacteria. The
usual delay in this response, coupled wth physiological nechanisnms the
pat hogen uses to subvert the phagocytic response |leads to a w despread
infection. Wth regards to a specific antibody response, intracellular
organi sms such as KDB are thought to be relatively resistant, while within
their host cell. In this situation, although the pathogen may be protected,
the i mune system of the host is still exposed to a continuous supply of
antigen from the pathogens. As a result there is a continuous severe inmune
reaction which eventual |y destroys the surrounding host tissue in attenpting
to destroy the pathogen. This inmune reaction |eads to nuch necrosis and
characteristically severe granulomatous l|esions. Since KDB is harbored by
macr ophages of the fish and these severe granul omat ous reactions occur in
response to the antigen of the pathogen, it is not surprising that tw of

the organs that are nost severely affected are the spleen and kidney. Both
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of these organs are inmune organs and contain a great nunber of nacrophages.

Effect on the Kidney

It is felt that termnal cases of BKD may be fatal due to
the destruction of the kidney which, in turn, may lead to an inability
of the salmon to osnoregulate (Frantsi et al., 1975). This feature of BKD
Is extrenely inportant in |ight of the evidence that salnmon infected with
BKD denonstrate marked increase in nortality when held in salt water as
conpared being held in fresh water (Banner et al., 1983). The possibility
arises that even if fish seemrelatively healthy or have recovered from BKD
after antibiotic treatnent, they may be at high risk once they enter the
ocean, due to extensive kidney damage.

Ki dney pathology, in salnon with BKD, looks quite sinilar to the
pat hol ogy seen in glomerul onephritis in manmals. Q@ onerul onephritis could
be mediated by either of two nechanisms: 1) immune conplex formation beween
KDB antigens and anti-KDB antibodies or, 2) by a reaction of anti-KDB with
crossreactive kidney antigen on the basenent nenbrane of the gl omerul us.

The preci se mechani sm by which this condition is elicited has yet to be
di scovered, however, due to the degree of bacterial infiltration that occurs
throughout the body of the fish, it would seem nost likely that an inmmune

conplex reaction could be occurring

Tol er ance

It seems obvious that in nmost cases of BKD the salnon are
responding to the pathogen, but their response seems inappropriate and

i ncapabl e of overcomng the pathogenic insult. Inmunol ogical tolerance may
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play arole in BKDif it serves to delay or produce an inappropriate imune
response

If a foreign antigen is present within the body early in life, the
animal may experience a state of inmunological tolerance (Billinghamet al.,
1953). In this state the aninmal does not recognize that particular foreign
antigen as being different fromits own body and; therefore, it wll not
respond to it inmmunologically. This phenomenon may apply in some cases to
BKD. It has been denonstrated by Evelyn et al. (1984) that eggs fromfemal es
with BKD possess the pathogen within the yolk. This was denonstrated
m croscopically and by iodine treatnent of the egg surface. The iodine
treatment should have killed any pathogen on the surface of the egg or
residing within the perivitelline space, but the organi sm persisted. |f
this evidence is correct, it would support the hypothesis of vertically
transmtted of BKD and would indicate a route by which fry mght experience

conditions simlar to that giving rise to neonatal tolerance in manmals.

I nduction of Protective Immnity

The appearance of circulating antibody does not correlate with
protection from the disease. A though this intracellualr location of the
pat hogen may seem inaccessible, it is not. Mcobacteria and listeria also
resi de w thin phagocytes and these pathogens can be controlled if the host
Is properly sensitized or inmunized. Listeria, which possesses physica
characteristics simlar to those of KDB (Bullock et al., 1975), appears to
be insensitive to specific antibody. Primng of the cell nediated inmmune
response, however, results in the elimnation of these pathogens. Induction
of the cell nediated (T cell) response results in the activation of the

phagocytic cell and digestion of the bacteria residing there (Mckaness, 1969)
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It is possible to enhance this cell mediated immne rsponse,
as well as the imune response in general though the use of adjuvants
Adjuvants utilizing bacteria such as nycobacteria or corynebacteria
| ead to an enhancenent of the inmune response to the adnmixed antigen.
Such augmentation may aid in the control of BKD. It has been reported
that intraperotineal injections of KDB enuldified in oil and
mycobacteria (Freund' s conplete adjuvant) can lead to a reduction of
BKD | esions and organisms (Paterson et al., 1981). Al though such
I mruni zation procedures would be inpractical for |arge scale vaccine
prograns, they do denmonstrate that proper presentation of KDB antigen

to the fish can lead to a protective state of imunity.
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MATERI ALS AND METHCDS

Animals. Fingerling-three year coho salnmon (50-300 g) were kept in
anbi ent (12°C) pathogen free well water, in 220 gallon circular tanks
at the Oregon State University Fish Disease Laboratory (OSU-FDL). The
fish were maintained on Oregon Mist Pellets. The disease chal |l enges were
performed on sal non housed at the OSU-FDL in 30-liter tanks, the effluent
from which was chlorinated.

Adul't femal e New Zeal and Wite (NZW rabbits and BALB/c mice were
mai ntai ned by the Laboratory Animal Resource Center at Oregon State
Uni versity.

Bacterial strain. R__salnoninarumisolate Lea-l-74 (ATCC

33209) obtained fromJ. R Rohovec, Oregon State University, Corvallis,
Oregon, was used throughout the study.

Gowh conditions. Bacteria were grown in either unfiltered

Ki dney Disease Medium2 (KDM2) or ultrafiltered KDM 2 (UF- KDM 2).

Both media were nodified by the elimnation of the bovine serum

suppl enentation that was originally specified by Evelyn (1977).

The UF-KDM 2 was prepared by passage of KDM 2 through a PTGC 10,000 NMAL
filter packet ina Mnitan ultrafiltration apparatus (MIlipore Corp.,
Bedford, MA). This filtration produced nedia free of nolecules wth nol ecul ar
weights greater than 10,000. Cultures were incubated for one to three
weeks in low form culture flasks with constant agitation. At the end

of the incubation period, the bacterial cells were centrifuged at 6000
x g for 30 mnutes (4°C) and the supernatant fluid was saved for

sol ubl e antigen extraction.

Soluble antigen extraction. CQulture supernatants were filtered,
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as described above. The retentates, or high nolecular weight

fractions, were concentrated by 50% saturated ammonium sulfate (SAS)
precipitation. After addition of the amonium sul fate, the solutions

were stirred for 3-4 hours at 4°C. The precipitate was renoved by
centrifugation at 6000 x g for 15 minutes (4°C) and suspended in |0-20

m of 0.01 M phosphate buffered saline, pH 7.2 (PBS). The solution

was reprecipitated twice and the resuspended precipitate dialysed
extensively against PBS. The dialysed protein extract was assayed for
protein by the nethod of Lowy gt al.. (1951). This process is graphically
depicted in figure 1.

Vibrio anguillarum extract. The Vibrio extract was prepared from

V. anquillarumstrain SL-174 which had been formalin killed and stored
frozen. Fifty nms thawed packed cells were suspended in 10 vol unes of 2%
saline and placed in a boiling water bath for two hours. Cells were
washed three times in 2% saline, centrifuged at 10,000 x g for ten mn at
4'C, resuspended in 95% et hanol, and incubated 48 hours at 37°C. The
cells were then washed two tinmes in acetone, centrifuging at 3,000 x g for
10 mnutes and dried to a paste overnight at 37°C. The paste was ground
to a fine powder with nortar and pestle and stored at 4°C. The soluble
Vibrio extract used for these studies was prepared by boiling the

powder in PBS at ten ng/nm in a boiling water bath for one hour wth
frequent agitation. This suspension was then centrifuged at 1,000 x g to
renove particulates and filter sterilized. Protein concentrations were
determned by the nethod of Lowy et al. (1951).

Q her antigens: Trinitrophenyl ated-LPS (TNP-LPS) was prepared

by the nmethod of Jacobs and Mrrison (1975). Al antigens were diluted into

tissue culture medium at two tinmes the final desired concentration.
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SOLUBLE ANTIGEN PREPARATION

18°C

-
I0—14 Days

KDM-2

Centrifuge

Supernatant
+
50% SAS cut (2x)

Resuspend in
PBS

‘>
Dialyze against

PBS

Figure 1. Fl ow diagram depicting the generation of soluble antigen.
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Sonication. Sonicates of bacterial cells were prepared as
described by Getchell (1983). Briefly, a suspension of 10% washed
cells in PBS were exposed to four bursts at 50 watts froma
Sonifier Cell Disruptor (Heat Systems Utrasonics, Plainview NY).
Particul ates were removed by centrifugation at 5000 x g and the supernate
filter sterilized and stored at 4°C until used.

Antibody preparation. Female New Zealand white rabbits were

injected subcutaneously between the scapulae (1.4 m) and in the
footpads (0.4 m each) with a 1:| emulsion of imunogen and Freund's
conplete adjuvant (FCA). The rabbits werte rested 30 days then bl ed
weekly.  Seven weeks post-imunization the rabbits were boosted using
the same protocol. The serumwas aliquoted and stored at -70°C.

| mmunogens used were formalin-killed R _sal noni narum washed

three times in PBS and resuspended to 1.0 ODg 503 dial ysed protein
extract fromUP-KDM2 (1.5 ng/m); and dialysed protein extract from
KDM 2 (2.2 ng/m).

Antisera to R_sal noninarumisol ate K50 was kindly donated by J.

R Rohovec, O S U, Corvalli, Oregon.
Antisera from coho sal non were produced by monthly injections

of 0.1 m of a 1:l mxture of formalin-killed R sal noni narumin FCA

Serumwas aliquoted and stored at -70°C until used.

Gel filtration. Standard solutions of all antigen preparations
were exanmined with respect to their nolecular weight by the use of gel
filtration. Briefly, each antigen preparation was eluted through a G200
colum (1.6 x 40 cm. Each sanple was adjusted to a concentration of 2.2
ng in 500 ul. Elution was conducted using PBS as the elution buffer. The

fractions were nmonitored for protein using the Lowy method. Ml ecul ar
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wei ght standards used for the calibration of the colum consisted of human
| gG (150 kd), bovine serum albumn (68 kd), and cytochrome C (13 kd).

Pol yacryl am degel el ectrophoresis (PAGE). The nmethod followed

is basically that of Laenmi (1970). The sanples were nmixed with the sanple
buffer at a 1.1 ratio and subjected to the electrophoretic field. The sanples
are usually loaded in a duplicate fashion so that one half is subjected to
silver staining and the other half is used for Wstern blotting. During the
el ectrophoretic run, a constant 20 mA current is applied in the stacking gel
and a constant 40mA during the run when the sanples are in the separating gel.
After conpletion of the experinent the gel is cut into two halves and one hal f
is silver stained by the method of Way et al.( )

Western blotting. The procedure involves a nodified methods of

of Towbin et. al. (1979). After transfering the protein bands onto
nitrocel lul ose paper, they are stained by the follow ng nethod: 1) Soak
el ectrophoretic blots in 3% bovine serumalbumin in Tris buffered saline
(pH 7.4) for one hour at 40° C, 2) Rinse five tines with TBS (30 m nutes),
3) incubate with rabbit anti-KDB - HRPO conjugate for two hours at room
tenperature, 4) wash extensively with TBS, 5) put the nitrocellul ose paper
in the substrate solution (Bio-Rad, Richnond, CA). The reaction is then
allowed to proceed at 37° C until the protein bands stain darkly.

| soelectric focusing. Isoelectric focusing was perforned in a

modi fi ed procedure of Jackson et al. (1980). Polyacrylam de gels (5%
115 mm x 230 mm x 1 m) were cast between glass plates and allowed to
pol ynerize overnight. A pH gradient of 4-6.5 or 3-10 with a 5% carrier
anphol yte (Pharmacia, Piscataway, NJ) concentration was used. The

di stance between the electrode wicks was 9.0 cm The anol yte and

catholyte were 0.04 M glutamc acid and 0.2 M (L)-histidine,
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respectively. Sanples were applied near the cathode by the use of applicator
masks (Pharnacia, Uppsala, Sweden). The running conditions were a

constant power of 30 watts for 30 mnutes. The gels were silver

stained according to the nethod of Merrill (1981).

Conj ugati on of horseradi sh peroxi dase (HRPO) to antibody. Four

nmy of horseradish peroxidase (Sigma, St. Louis, M) were dissolved in one n
of distilled water. To this solution, 200 ul of a 0.1 M solution of sodium
meta-periodate (Sigma) in water was added and stirred at room

tenperature for 20 mnutes. This mxture was then dialysed against 1 nV
acetate buffer (pH 4.4) overnight at 4°C.

Sinmul taneously, a 50% saturated anmoni um sul fate (SAS) gl obulin
precipitate of 1 m rabbit antiserumwas reconstituted in 1 m of distilled
wat er and dial ysed overnight at 12°C in 0.01 M Na,CO, pH 9. 47,

Twenty ul of this bicarbonate buffer was then added to the HRPOto raise it
to a pHof 9.0-9.5. The rabbit globulins were then imediately added to
the solution and stirred at room tenperature for two hours. This conjugate
was then dial ysed against 0.01 MPBS with a dialysis nmemebrane having a

pore size that included nolecul ar weight species of greater than 50000. The
conjugate was stored in the dark in 0.001% nerthiol ate.

ELI SA for the detection of soluble antigens. A nmethod for

the detection of soluble KDB antigen was devel oped utilizing a capture
antibody technique. Briefly, individual wells of Costar EIA /2 well
plate (Canbridge, M) were coated with rabbit anti-soluble antigen (from
either UF-KDM2 or KDM2. Antigen coating was acconplished by incubating
the rabbit antibody diluted in carbonate buffer (0.05 M pH 9.5) overnight
at 4°C. The preci se concentration of antibody varied depending upon the

experimental protocol. Prior to use, the plates were washed three times in
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a Tris/Tween diluent buffer (see appendix), followed by three washes in Tris
buffer.  Solutions containing soluble antigens or unknowns were diluted in
Tris/ Tween the added to the wells of the plate in 100 ul aliquots and
incubated for two hours at room tenperature. Following this incubation, the
wash sequence was repeated. At this point 100 ul of rabbit anti-soluble
anti gen- HRPO was added to each well and incubated for two hours at room
tenperature. This incubation was followed by another standard wash and

the addition of 100 ul of the sustrate solution (see appendix). El aboration
of a colored product was read spectrophotometrically at 405 nM by a Biotek
Aut omati ¢ ELI SA Reader (Burlington, VT). Absorbance readi ngs were
proportional to the anount of soluble antigen bound to the plate since

the conjugate was incubated in excess

ELI SA for antibody to KDB soluble antigen. This assay was

basically prepared in a simlar manner to the ELISA previously described
(see figure 2). Briefly, 100 ul aliquots of soluble antigens were diluted in
carbonate buffer and coated on the wells of an ELISA plate. After an
overni ght incubation at 4°C the pl ate was washed and a 100 ul aliquot of a
test serumdilution or hybridoma supernatant was incubated in the wells for
two hours at room tenmperature. Follow ng this incubation the plates

were washed, and 100 ul of the appropriate dilution of rabbit

anti-nmouse | gGHRPO (Hycl one, Logan, Uah) was incubated on the plate for
two hours at room tenperature. After this incubation, the plates were
washed and 100 ul of the substrate solution was added and read
spectrophotonetrically at 405 nM

ELI SA for antibody to KDB cellular antigens. This assay

followed the identical procedures as described in the preceding

section, except for the nethod of coating the antigen onto the plate
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SERUM ANTIBODY

'(\ Coat with KD antigen
D

7 Add test serum

o>

Add anti-salmonid Ig conjugate

S>-o-m

v
4
1)

Add substrate

P
P Read O.D.

Figure 2. Fl ow diagram depicting the ELISA used in detecting salmonid
anti-BKD antibodies
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The antigen in this procedure is the whole bacterial cell and thus it
does not readily adsorb to the ELISA plate. To facilitate binding of
the whole KDB cell, the wells nust first be coated with 100 ul of a
0.1 mg/m solution of poly-L-lysine in water. The poly-L-lysine is
allowed to adsorb for two hours at room tenperature. Vells were then
washed once in PBS and then incubated with dilutions of KDB in PBS

The cells were allowed to adsorb for one hour at room tenperature.

The wells were then washed twice in PBS. This wash was followed by an
i ncubation of 100 ul of 0.25% gl utaral dehyde for three m nutes
Following this incubation, the plates were washed three tines

with PBS and the remaining reactive sites were blocked with the
addition of a solution of 10 ng/m bovine serumal bumn (BSA) in 100 nM
glycine. Plates were bl ocked overnight at roomtenperature before use.

Monocl onal antibody production. Adult fermale BALB/c mce

(Sinonsen Laboratories, Glroy, CA) were inmunized with either 100 ug
soluble antigen or 1 OD. unit of formalin-treated KDB enulsified in Freund's
conpl ete adjuvant. Sera fromimunized animals were tested at one
nmonth. Animals with positive titers, as determned by the previously
described ELI SA, were chal |l enged intravenously (i.v.) with 10 ug of the
same antigen in physiological saline. Aninmals with negative titers
were boosted with the initial antigen preparation until a positive
titer appeared.

Three days after i.v. challenge, single cell suspensions were
prepared fromthe spleen and fused with a equival ent nunber of SP/2
nyel oma cells by the aid of polyethylene glycol (Fisher, Fair Lawn,
NJ). Hybridomas were selected by addition of hypoxanthine-thym di ne
-amnopterin (HAT) medium (O and Herzenberg, 1980). Productive fusions

were ascertained by screening the hybridoma supernatants with the previously
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described ELISA. Cells fromthese fusions were cloned and stored in liquid
nitrogen until used.

Culture nmedium Al in vitro cultures enployed the one nedium

described here. Media conponents were purchased from Wittaker M A

Bi oproducts, Walkersville, M, unless otherwi se noted. M shell-Dutton
hol di ng nedi um (HV) consisted of 100 ug/m gentamcin and 10%fetal calf
serumin RPML 1640 (G bco). Mshell-Dutton nodified RPM (RPML MDM) was
used for tissue culture and consisted of RPML supplenented wth:
non-essential amno acids, sodiumpyruvate, L-glutamne, 10%fetal calf
serum (hybridoma screened), 100 ug/m gentamcin, 50 uM 2-mer capt oet hano
(MB, Gncinnati, OH, and the nucleosides, adenosine, uracil, cytosine
and guanine (10 ug/m, Sigma, St. Louis, M). The nutritional cocktail
was also prepared as previously described (Tittle and Rittenberg, 1978)
and fed daily to the cultures as described bel ow.

Cell CQultures: Fish were sacrifice and their spleens and/or anterior

ki dneys were aseptically renmoved and placed in holding medium A single cel
suspension of each organ was obtained by aspiration through a one ni
syringe. Organs frommultiple fish were pooled to obtain the required nunber
of cells for culture. The resulting cell suspension was incubated on ice
to allow organ fragments to settle. The supernatant nedium containing a
single cell suspension, was then washed two tines in holding nmedium by
centrifugation at 500 x g for 10 mnutes at 4°C. The final washed cel

pel let was resuspended in RPM MM  Lynphocytes were enumerated by the

use of a henocytoneter or Coulter counter (Coulter Electronics, H aleah

FL) adjusted for counting salnonid | eukocytes. The cell suspension was
then adjusted with RPM MM to a concentration of 2x107 cells/m and

held on ice until culture. 0.2 m aliquots of the final cell suspension

were added to the wells of a 24-well, flat-bottonmed, tissue culture plate
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(Corning, Corning, NY) containing antigen or mitogen. Tissue culture
plates were then incubated in plastic culture boxes (C. B. S Scientific,
Del Mar, CA) in an atnosphere of 7% CO, at 16°C. The cultures used for
PFC assays were nmaintained by adding 25 ul of cocktail on alternate days.

Plague-formng Cell Assay. Single cell suspensions of 2x10/

cells/m were prepared in RPM MM as described above. Aliquots of 0.2 ni
were added to 0.2 m of the appropriate dilution of antigen in RPM MM or
in medium alone. Cultures were fed 50 ul of feeding cocktail on alternate
days until harvest. Cells secreting anti-trinitrophenyl (TNP) or
anti-sol uble antigen antibodies were detected by a nodification of the
Cunni ngham pl aque assay (Cunni ngham and Szenberg, 1968). 100 ul (40 ul
for final assays) of the |ynphocyte suspension, 25 ul (10 ul) of a 10%
suspensi on of TNP-sheep red blood cells (TNP-SRBC, Rittenberg and Pratt,
1969) in nodified barbital buffer (MBB), and 25 ul (10 ul) of steelhead serum
diluted in MBB, were mxed in individual wells of a 96-well microtiter plate
(Linbro, MLean, VA). The contents of each well was pipetted into a slide
chamber, sealed and incubated for |-2 hours at 16'C. Pl aques were then
enuner at ed under |ow power with the aid of a dissecting mcroscope. KD SRBC
were produced by chromc chloride conjugation (VWas et al., 1968).

Vibrio Assays. For the mtogen assays, 50 ul of the cell

suspensi on (1)(106 cells/m) were placed in individual wells of a 96-well

flat bottom tissue culture plate with 50 ul of mtogen or culture nedium

The plates were then incubated in gas boxes under 7% CO, at 17°C.

Twenty four hours before harvest each well was pulsed with 1 uG of tritiated
t hym di ne (mathyl-3H, | CN Bionedicals, Irvine, CA) in 50 ul of RPML MDM
Cells were harvested with distilled water onto glass fiber filters, with a
Skatron cell harvester (Sterling, VA). The filters were then dried, placed

inscintillation vials with cocktail (6g PPO Signma, 5 ng POPCP, Amersham
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Arlington Heights, IL, in 1 liter toluene, after Etlinger et al.,
1976), and counted on a Beckman liquid scintillation counter (EL
3800). Data are reported as nmean counts per mnute (cpm) +/- standard
error, of triplicate cultures, or as stimulation indices (SI) defined
as experimental cpmcontrol cpm

G utaral dehyde con.jugation. This form of conjugation basically

follows the procedures of Avrameas (1969). Briefly, the bacterial suspension
is diluted with phosphate buffered saline (PBS - pH 7.2) to a concentration
of 3x10° cells/m. To two-five m of this suspension, one nm of KD soluble
antigen (2 nmg/m) is added and mxed in the suspension. Twenty ul of 25 %
glutaral dehyde (Sigma, St. Louis, M) is added and the suspension is

allowed to react for 2 hrs on ice. The preparation is dialysed overnight

in PBS ar 4° C.  The suspension is then centrifuged at 6130 x g for 20
mnutes and the supernatant renoved. The cellular pellet resuspended to

the original cellular concentration of 3x108 cell/n.

Bacterial agglutination. agglutinations were performed in 96-well

round bottom microtiter plates. Briefly, 50 ul of PBS dileunt are deposited
into all wells. 50 ul of the serunis then added to the first well of a

row. A mcrodiluter is then used to performthe serial |/2 dilutions of

the antiserum Following these dilutions, 50 ul of the conjugate (3x108
cells/m) is added to each well. The plate is then tapped to insure
conplete mxing, and the plate is exanmi ned for agglutination after an

overni ght incubati on.

Conj ugation with cyanuric chloride - Gay's (1979) nethod.

Vibrio antigen extract (VAE) was used at a concentration of one ng/m.
0.5 m of this material was mxed with 1 mf of 0.01 N NaCH containing 0.001%
phenophthal ein indicator. Cyanuric chloride was added in various amounts

(0.4, 0.6, and 1.0 ng). After this solution was mxed for 10 seconds, the
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solution was then added to 0.5 m of a 0.5 or 1.0 O D. suspension of KD
cells. The cells were then centrifuged at 6130 x g for 30 mutes at 4° C
The cellular pellet is then resuspended to its original volune of one m.

Conj ugation with cyanuric chloride - Scibienski's mnethod.

This method of conjugation is taken fromthat of Scibienski et. al. (1977).
Briefly 0.5 ng of Vibrio extract is added to 1 nl of 0.15 MNaHCO3 and kept
constantly stirring while held on ice. Cyanuric chloride (0.2 nl of a 10 ng/m)
in acetone is added to the reaction mxture. The mxture is then stirred

for 30 mnutes on ice. KDBcells (2 m of a 1.0 OD. solution in NaHCOB)

are added to the solution. This mxture is then incubated for four hours

at toom tenperature, while stirring. the cells are centrifuged at 6130 x

g for 30 minutes at 42 C.  The cells are resuspended to the original

volume with PBS and dialysed in PBS overnight at 4° C

Vibrio extract prelimnary characterization. A series of ammonium

sulfate precipitations were done on one sanple of Vibrio extract. Increnental
vol unes of saturated ammoni um sul fate (SAS) were added to a sanple of Vibrio
extract suspended in PBS. After addition of the SAS solutions were

stirred for two hours on ice and the precipitate removed. Each further
addition of SAS yielded further precipitation. Al precipitates were then
resuspende to the original, uncut volume (2 m) and dialysed against PBS.

The final supernatant was also dialysed to renove the anmoni um sul f ate,

and subsequently concentrated by sucrose, followed by another dialysis against

PBS.

27



RESULTS AND DI SCUSSI ON

Ef fects of immnostinmulatory agents - admi xture experinents.

In these studies, the effects of the various inmunostimulatory agents
(muranyl dipeptide, Freund's conplete adjuvant, E. eelli |ipopol ysaccharide

and Vibrio anguillarumextract) were exam ned w thout the coval ent

attachment to the antigen. Thus, although in a practical vaccine coval ent |inkage
woul d be essential, adnministration of both conmponents could be tested by m xing
the agent with the antigen within the oil vehicle of Freund's inconplete adjuvant.
Subsequent intraperitoneal injection would insure that the animal is
si mul at aneously exposed to both the agent and the antigen. Thirty animals
were injected for each group.
On day 35, five animals from each group were sacrificed for serum
anterior kidney, and spleen sanples. The renaining animals were then
challenged with KDB. Analysis of the serum sanples by anti-KD ELISA, revealed
no anti-KD antibodies. However the jp vitro cellular responses did revea
sone differences (Fig 3). As can be seen fromthe figure the groups imunized

with KDB with muranyl dipepetide or Vibrio anguillarumextract denonstrate

high levels of stinulation with anterior kidney cells and marginal stinulation
with Freund's conplete or |ipopolysaccharide. Cells from control animals
actual ly appear to be suppressed by the presence of the KD sol uble antigen.
In the spleen, only lynphocytes isolated from the group receiving Vibrio
extract with the KDB appeared to give sone response. It, thus, would appear
for this data that nuranyl dipepetide and Vibrio to be best able to stinulate a
response. No stimulation was seen with FIA al one

The final nortality data revealed no significant differences, between

all treatnent groups (Fig 4,5,6). |In fact, the control (6F) had fewer nortalities
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STIMULATION INDEX

CELLULAR RESPONSE TO KD
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Figure 3. Cel lular response to KD - Adm xture experinent. Effect of

i muni zation on the ability of spleen and anterior Kidney
| ymphocytes to respond to soluble antigenqin vitro. The
error bars represent two standard errors about the mean of
triplicate sanples.
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the end of the experiment (day 45) than any of the experinental groups,
however, this group of aninals were acclinitized for a different period of tine
thus the lower nortality is not significant.

This experinent points to a major problemwth nmost KD chal | enge
studies. Protection fromKD may extrenely difficult to denonstrate when the
chal | enge procedure involves the intraperitoneal injection of a tubid
suspension of the pathogen. Even animals which could be imune to a natura
chal lenge may be overwhelmed by such a large antigenic load. To rectify this
situaion we have devel oped an imrersion challenge for coho (Results below),
which we feel may nore accurately reflect a natural challenge.

Sol ubl e antigen-Vibrio cell conjugates. Due to the fact that formalin

treated Vibrio anguillarumis such an effective vaccine for the prevention of

vibriosis, it was reasoned that the coval ent |inkage of KDB antigens to the
Vibrio cell surface could stimulate a protective i mune response to ki dney
disease. In this nmanner it is anticipated that the KD antigen will appear in
vivo as sinply additional vibrio antigen

Ki dney di sease antigens were covalently linked to the formalinized
Vibrio cell surface by glutaral dehyde conjugation. Successful conjugation was
ascertained by bacterial agglutination, using either rabbit anti-vibrio or
anti-KD soluble antigen. Bacterial agglutination with rabbit anti-KD serum
denonstrated a titer of /1024 which was equivalent to the titer seen when the
antiserumis tested directly against KD cells. Normal rabbit serum gave a
titer of only I/16. Furthermore when the conjugate was tested agai nst rabbit
anti-vibrio serum The titer was greater than |/2048. Thus the conjugate did
not noticeably destroy nuch of the antigenicity of the Vibrio cells

The results of the nortality study were positive, but did not denonstrate

great protection (Fig 7). As can be seen fromthe figure all control aninals
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were dead by day 47, however 10% of the inmunized aninmals survived until the
termnation of the experiment on day 68. A though the protection is not
dramatic, we will be testing sinilar conjugates on coho using the immersion
chal | enge procedure, which we feel to be much nore sensitive.

The effect of live KD cell challenge preparations on nortality.

In an attenpt to standardize all KD challenges the nortalities
generated fromdifferent preparations of live KD were examned. This was
undertaken, since, in our laboratory, using the same strain of KDB we could
produce different nortality curves. Also, we wished to deternine whether the
sinul taneous injection of other extrinsic or intrinsic factors could alter the
nortality rate. Basically, few preparations of |ive KDB were prepared for
chal lenge. Al sanples were produced fromone culture (Fig. 8,9). They were
all grown in 10% fetal calf serumin KDM2. After sufficient growh, the organisns
washed and resuspended in A) fresh KDM2 plus serumw th an additional 3.2 ng/m
KD sol uble antigen, B) washed and resuspended in fresh KDM2 with serum O
washed and resuspended in fresh KDM2 w thout serum and D) washed and
resuspended in the original supernatant. This experinent, then, was designed to
test whether the presence or absence of fetal calf serum or soluble antigen
produced during culture could be responsible for the fluctuations in nortality.
Fromfigures 8 and 9, it can be seen that the greatest nortality is generated
by injecting the organismin its supernatant. Al other groups gave |ower degrees
of mortality. In all subsequent intraperitoneal challenges, live cells are injected
in their own growth medium

Conjugation of Vibrio extract to KD cells. Vibrio extract which

generates an excellent anti vibrio response (Kaattari and lrwin, 1985) was

conjugated to formalin fixed R salnmoninarum cells. |If the Vibrio extract

contains sone non-specific inmunostimulatory maerial this form of vaccine

35



% Survival

% Surviva

100 @
80-
60-
40+
201
10 20 30 40 50
No. of Days (post injection )
100 |
801
60-1 —L
401
20
10 20 30 40 50
No. of pays (post injection )
Figure 8. Effects of intrinsic and extrinsic factors on KD

mortalities. A = KD cells resuspended in KDM2 + 100x
sol uble antigen. B = KD cells resuspended in fresh KDV 2
with serum

36



% Surviva

% Survival

100

©
80-
601
401
20-
10 20 30 40 50
No. of Days (post injection)
100 (::)
80+
60-
401
201
10 20 30 40 50
No. of Days (post injection)
Figure 9. Effects of intrinsic and extrinsic factors on KD

mortalities. C = KD cells resuspended in KDV 2 without
serum D = KD cells resuspended in the origina
super nat ant .

37



could stinmulate a response to adjacent R __sal moni narum deternminants. This

procedure nade use of the procedure of Gray (1979), which differs fromthe

cyanuric chloride procedure of Scibienski et al (1977), see below. The prinmary
shortcom ngfor this procedure is that it produces |arge aggregates of cells,
instead of a single cell suspension. Such conplexes woul d hamper the quantitation
of the immunogen in the vaccine trials. Aternate routes of this form of conjugate
were, then attenpted to determine if any route woul d produce a conjugate that

woul d remain in suspension.

Conj ugation of Vibrio antigen extract to KD cells (nethod of Scibiensk

et al). This nethod of conjugation produced cells that remained in
suspension. However, little vibrio antigen was detected on the KD cells as
coul d be descerned by aggl utination nethods.

At this point it was deci ded sone basic biochem cal characterization
of the Vibrio antigen extract should be done. Thus far, this has been
limted to the fractionation of the antigen extract by differential amonium
sulfate precipitation. Each fraction was then assayed for protein content, and as
further work is done, also analysis of carbohydrate and biological activity
could be done. In this way the active inmnostimulatory material wll be
purified and its basic chemical formidentified. This, then, will aid in designing
the nost appropriate means for conjugation. This distribution of protein materia
can be seen in Table 1. The bulk of the protein can be differentially separated
by saturated ammonium sul phate percentages from 20 42%

|mersion challenge. As stated previously, one major drawback to the

study of R.__sal noni narum vacci ne devel opment, has been the inability to

produce an appropriate method of challenge. The nobst successful nethod, thus
far, has been the intraperitoneal injection of a high concentration of |ive KDB

This nethod insures the death of nost of the challenged aninmals by day 60-90.

38



Tabl e 1. Protein analysis of the differential saturated anmoni um
sulfate (SAS) precipitation of Vibrio anguillarum extracts.

Total SAS Added Total Vol unme % SAS Protein % of
Precipitated Total protein
0.2 ni 2.2 9 6.25 ug 0.4
0.5 2.5 20 6. 25 0.4
1.0 3.0 33 656. 25 41.3
1.5 3.5 42 566. 25 35.7
2.0 4.0 50 120. 00 7.5
8.0 10.0 80 231.00 14.5

* Initial volume of V anguillarum extract = 2 ni
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The major problemwith this nethod of challenge it may have been far too high

a concentration, given in too vunerable a manner for even an imune animal to
resist. Recently, repeated isolations of a KDB from dying sal non have produced
a strain which can be introduced to salnmon by the water-borne route and induce
up 50% nortalities within 60 days. Armed with this method of challenge, we

may have a nore sensitive measure of the i munoprophylactic efficacy of our
vacci nes.

Assessnents of immunity to kidney disease in salnon. Proper

assessnments of the inmune status of the salnon inmunized wth various
conjugates requires the devel opnent of various inmunologic assays. In the
final analysis, survival is the nost inportant factor, however, with sensitive
I mmunol ogi ¢ probes we can determne what formof imunity is nost effective
and which vaccines have the greatest potential for future devel opment.
Therefore, we have devel oped three distinct means of evaluating the
I mmune ressponse elicited by our vaccines to bacterial kidney disease. They
are: 1) the detection of serumantibody to KD soluble antigen in salnon, 2)
the detection of plaque formng cells to soluble antigen, and 3) the detection
of antigen specific Iynphocytic proliferation to KD

Coho anti body responses to KD antigen. Figure 10 denonstrates

that sera fromcoho sal mon that were hyperinmunized to KD sol ubl e antigen by
repeated injections of antigen in Freund's conplete adjuvant (left and center)
produce good titers of antibody conpared to the normal control (right)

Pl ague-formng cell response to KD sol uble antigen.

Lymphocytes exposed in cell culture denonstated the capacity to generate
pl aque-formng cells that can |yse sheep red blood cells that are coated with
soluble KD antigen (fig 11). It is of insterest that under these in vitro

conditions we find that sal non | ynphocytes are quite capable of generating
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Figure 10. Coho anti-KD response as neasured by ELISA. The first two
pairs of dilutions of serum are taken from coho sal non
i mmuni zed with KD cells in Freund's Conplete adjuvant.
The right pair represents the dilution of normal coho serum
The bars represent two standard errors about the nean of
triplicates.
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Figure 11. Coho plaque-form ng response to KD sol uble antigen. Coho

anterior kidney |ynphocytes were cultured for 9 days in
the presence of various concentrations of soluble antigen
The PFC response is shown the mean of triplicate sanples.
The error bars represent two standard errors about the
nean.
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anti-KD producing cells. Perhaps this indicates that in vitro culture
rel eases the sal monid | ynphocytes from some negative regulatory control that
normal |y prevents antibody production.

Cellular proliferation to KD soluble antigen. As shown in

figure 12, animals which becone immne, produce nore antigen sensitive

| ymphocytes (bl ack circles),and when subsequently exposed in vitro to the
antigen they give a large proliferative response, as depicted on the right of
the figure. This can be seen to occur when the |ynphocytes fromthe various
adm xtures were examned (fig 3).

Identification of pathologically inportant antigens. The

identification of toxins, adherence factors, and extracellular enzymes are
important for two main reasons: 1) they often nake the best candidates for
vaccines, and 2) they provide clues as to the pathogeni c nechani sms occurring
during a disease. In the case of kidney disease, very little has been
di scoverd about the possible mechani sns of pathogenesis. However, recently
Dr. A Mnro, Aberdeen, U K has found some association between the
el aboration of a red cell binding antigen and the decreased hematocrits in KD
i nfect ed ani mal s(personal communi cation). W, also, have observed sone of the
KD soluble antigen binding red blood cells. Studies in this laboratory have shown
that both salmon and rabbit red blood cells are capable of adsorbing a nunber of
soluble antigens (fig. 13). Figure 13 is a photograph of a western blot showi ng
that preincubation of whole soluble antigen (SA) with repeatedly with salnmon (Fl-F4
or with rabbit red blood cells (R-R4) renmoves at |east eight of the antigens
recogni ze by the anti-KDenzyme conjugate

The possi bl e existence of a henolysin in the soluble antigen, which in

turn may be responsible for an anemc state was exam ned by conparing
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Figure 12.  Gaphical representation of the events occurring during
antigen specific, cellular proliferation.
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Western blot analysis, demonstrating protein antigens
adsorbed specifically by salmon red blood cells (F1 - F4)
or rabbit red blood cells (R1-R4). SA = unadsorbed soluble
antigen, Adsorbed and unadsorbed antigens were
electrophoresed on a PAGE gel, then transblotted onto
nitrocellulose, where an antibody-conjugate and substrate
was subsequently added.
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hematocrits (%red blood cells in the blood) with soluble antigen levels in
the serum of 19 artificially infected salnon. As can be seen fromfigure 14,
hi gh hematocrit val ues (28-45) correspond with |ow sol uble antigen |evels
(§1 ug/m) and | ow hematocrit values (5-23) correspond with high soluble
antigen levels (100-1000 ug/m). Biochem cal characterization and isolation
of this hemolytic activity is currently underway.

| munosuppressive function of KD soluble antigen. Coincubation of

physi ol ogi cal concentrations of soluble antigen (10-100 ug/m) exert

| munosuppressive action on the pp vitro antibody response to

TNP- | i popol ysaccharide (fig15). As can be seen fromthis figure, 100 ug/m (O
and 10 ug/m (D) suppress the normal antibody response (B), whereas control
protein (ovalbunmin) does not (F,GH. Thus, this antigen may be giving a great
advantage to the pathogen by destroying the salnmon's imune defense system
hematocrits (%red blood cells in the blood) with soluble antigen levels in
the serum of 19 artificially infected salnon. As can be seen from figure 14,
hi gh hematocrit val ues (28-45) correspond with |ow soluble antigen |evels

(§1 ug/m) and | ow hematocrit values (5-23) correspond wth high soluble
antigen levels (100-1000 ug/m). Biochem cal characterization and isolation

of this hemolytic activity is currently underway.
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Correlation of soluble antigen |evel and hematocrit. Coho
sal non were injected with 0.1 m of 1.0 KDB. Fish were
bled at 25 days. Each dot represents the hematocrit and
soluble antigen level for one individual.

47



PECc X 10°

5000

4000

30004

1000

L}
A B C D E F G H
Figure 15. | munosuppressive effects of soluble antigen. A =0

antigen, B = TNP-LPS (4 ug/m), C = TNP-LPS + 100 ug/m
soluble antigen (SA), D= TNP-LPS + 10 ug/ml SA E =
TNP-LPS + 1 ug/m SA, F = TNP-LPS + 100 ug/m oval bunin
(OVA), G = TNP-LPS + 10 ug/ml OvVvA, H = TNP-LPS + 1 ug/m
VA
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SUMVARY AND CONCLUSI ONS

The work of this second year has denonstrated nmay inportant facts and
produced a nunber of vital procedures that will aid in the devel opment of

a vaccine for bacterial kidney disease

|. Devel opnent of sensitive nethods for assessing imunity to

bacterial kidney disease. These include:

a. A nethod for immersion challenge of coho sal non

h. ELISA nethod for the detection of salnon anti-KD
anti bodi es

¢c. Aquantitative ELISA for the assessnment of soluble
antigen in the serum

d. A western blot assay for the diagnosis of infected fish

1. Assessnment of techniques for the direct conjugation of antigen and

I rmunostinulatory agents to bacterial cells.

I'l1l. ldentification of toxins and antigens produced by R sal nbni narum

which may play an inportant role in pathogenesis, and, thus, may point to the

best candidates for vaccine production.

49



o

SUMVARY OF EXPENDI TURES

Salaries (including personnel and benefits) $ 45, 509. 98°
Travel and transportation (including per diem 876. 46

Nonexpendabl e equi prent and materia
(greater than $1000 per item 0.00

Expendabl e equi pnent and nateri al
(sensitive in nature) 0.00

Qper ations and mai nt enance
(including conputer services and publications) 19,527.09

Over head 20,721. 49
The currently approved budget 201, 274. 00
Current budget period 7/1185-6/31/ 86
Cunul ative expenses to date 157, 107. 36

Through 5/16/ 86
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